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Dichroic guest-host polarizer comprising an oriented polymer film 



The invention relates to a dichroic guest-host polarizer comprising an oriented 

polymer film. 

The invention also relates to polymerizable liquid crystal compounds for use 
in an oriented polymer film. 
5 The invention further relates to a method of manufacturing a dichroic guest- 

host polarizer comprising an oriented polymer film. 

Polarizers in the form of a film, also known as sheet polarizers, are widely 
used in the art to manipulate or produce beams of polarized light. Because of its excellent 
optical performance and low cost, a H-sheet polarizer is most widely used in liquid crystal 
10 display (LCD) devices. The H-sheet polarizer is a dichroic guest-host polarizer which 

provides linearly polarized light Linear polarization is achieved by a uniaxially stretched 
poly(vinylalcohol) film impregnated with iodine or some other dichroic colorant To avoid 
degradation of optical performance by ingress of moisture and relaxation of the polymer, the 
poly(vinylalcohol) is typically sandwiched between triacetylcellulose foils. The polarizer 
15 typically also includes an adhesive layer to adhere the polarizer to the LCD, leading to a 
thickness of the polarizer of about 70 to 150 |xm. This is relatively thick, at least much too 
thick to be able to use the H-sheet polarizer conveniently on the inside of a liquid crystal cell. 

There is a need in the art for polarizers which are capable of bringing a 
polarization selectivity which meets or even exceeds that of the H-sheet polarizer but which 
20 are much thinner than the H-sheet polarizer. A fiirther need exists for polarizers which can be 
conveniently applied on the inside of a liquid crystal cell. 

It is an object of the invention, inter alia, to provide a very thin dichroic guest- 
host polarizer, very thin meaning a thickness less than about 10 jjxd, more particular about 5 
Jim or less, while being capable of meeting optical performance requirements needed for use 
25 in a large variety of liquid crystal displays such a liquid crystal television sets. If such is 
desired, the polarizer is to be applicable conveniently on the inside of a liquid crystal cell. 

These and other objects are achieved by a dichroic guest-host polarizer 
comprising an oriented polymer film including an oriented polymerized liquid crystal host 



PHNL03 1 288EPP 



2 20.10.2003 
and a dichroic light-absorbing guest dispersed and oriented in the host, the oriented polymer 
film having a dichroic ratio of about 15 or more. 

The polarizer in accordance with the invention provides linearly polarized 
light It operates by selectively absorbing one polarization state from an unpolarized light 
5 beam while transmitting the polarization state complementary thereto. The direction along 
.which absorption takes places is referred to as the extinction axis of the polarizer; the 
direction along which light is substantially transmitted, which is light of the complementary 
polarization state, is referred to as the transmission axis. 

Polarization-selective absorption is achieved by means of a dichroic guest 
10 which is oriented in the host. 

In the context of the invention, the term "oriented", and mutates mutandis 
related terms such as "orientation", means "anisotropically oriented" and is synonymous to 
"aligned". "Oriented" ("aligned") means that the matter of which the object to which it refers 
is formed has a long-range orientational order in the form of a mono-domain (or a plurality of 
1 5 mono-domains laid out in accordance with a desired pattern) as opposed to a random multi- 
domain structure, rendering the properties, such as the optical properties, of the object 
directionally dependent in a controlled and desired manner. 

Orientation of the dichroic guest is facilitated by means of the polymerized 
liquid crystal host. The polymerized liquid crystal host is aligned and the dichroic guest is 
20 aligned with the host 

In the context of the present invention, the term polymerized liquid crystal" 
means a polymer which is or can be brought into an oriented state which oriented state is or is 
derived from a mesophase of a liquid crystal. A "liquid crystal polymer" is a specific type of 
polymerized liquid crystal, it is a polymer and a liquid crystal In general, a polymerized 
25 liquid crystal need not be itself a liquid crystal. It is sufficient that when provided in an 
oriented state, the state derives from or is commensurate with a liquid crystal mesophase. 
Such compounds are accessible by polymerizing a liquid crystal in a mesophase. Upon 
polymerization the mesophase is immobilized and the orientation fixed. 

The term polymerized liquid crystal" generally means any polymerized liquid 
30 crystal neat or any composition including such a polymerized liquid crystal such as 

compositions and mixtures comprising a plurality of different polymerized liquid crystals 
The term polymer" or its derivatives such as polymerized" includes any more specific type 
of polymer such as oligomers, homopolymers, copolymers, terpolymers and higher 
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3 20.10.2003 
homologies, crosslinked polymers, network polymers and linear polymers, and in particular 
polymer liquid crystals obtained form a mixture of liquid crystal monomers 

The inventors have observed that polymerized liquid crystal hosts can be 
suitably used to obtain an oriented polymer film having a degree of order sufficiently high for 
5 providing very thin polarizers which meet optical performance requirements of an LCD. 
More in particular, the inventors have observed by means of polymerized liquid crystals in 
which dichroic guests are dispersed, oriented films can be obtained which have a dichroic 
ratio of about 1 5 or more. A dichroic ratio of about 20 or more or even about 25 or more is 
readily achieved. Dichroic ratios of about 30 or more, or about 40 or even about 50 or more 
10 can be achieved. 

In the context of the present invention, dichroic ratio means dichroic ratio in 
absorbance and is defined as the ratio of the absorbance (measured at normal incidence) 
along the extinction axis and the absorbance along the transmission axis where absorbance 
(A) is defined as A = -log 10 T where T is transnussion.S»I#J§ discloses laminates 
comprising a polarizer film comprising a liquid crystal polyester and a dichroic dye. 
However, the laminate is relatively thick because it comprises a number of films. Further the 
dichroic ratio is only about 8 making the polarizer relatively unsuitable for demanding LCD > 
applications such as LCD TV. 

Having the capability of providing oriented films capable of providing a 
20 dichroic ratio of about 30 or more or about 40 more, polarizers having a thickness of about 5 
um or less can be formed which are suitable for use in demanding LCD applications such as 
LCD monitors or LCD TV. 

The host may be suitably formed of a liquid crystal polymer such polymers 
being known in the art as such. In order to be suitable such polymers need to have a highly 
ordered mesophase at room temperature and a T g which is above room temperature to 
substantially maintain the orientation when ambient temperature varies. 

If the host is obtained by polymerizing an oriented polymerizable liquid 
crystal, the requirements are less demanding. For example, the temperature at which the 
highly ordered mesophase occurs is basically irrelevant and there is no requirement of T g 
being above room temperature, fo a preferred embodiment of the polarizer therefore, th e 8 
oriented polymerized liquid crystal host is obtained by polymerizing an oriented 
polymerizable liquid crystal. 

Highly ordered phases are very effective in providing oriented films having 
dichroic ratios of about 15 or more. The inventors have found smectic phases to be useful 
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source of highly ordered phases. Thus, in a particular embodiment of the polarizer in 
accordance with the invention, the orientation of the oriented film is or corresponds to the 
orientation of a smectic phase Sx wherein X is not A or C 

Particularly suitable for use in polarizers, is the smectic phase B or lilted 
5 variants thereof, that is the smectic F and I phase. In the context of the present invention, and 
in accordance with the classification of mesophases used in some prior art references, "soft 
crystal" phases are also considered smectic phases. In particular, crystal B and its tilted 
versions, crystal G and J, and crystal E and tilted versions thereof, that is crystal H and K, can 
also be used for the polarizers. The suitable mesophases have in common the presence of a 
10 long-range orientational order. 

Nematic phases are generally less suitable providing dichroic ratios of about 8 
or less, whereas smectic A phases provide a dichroic ratio of less than 12. The smectic C 
phase, is a tilted variant of the smectic A phase and thus also genrally unsuitable. Moreover, 
generally, tilt in directions which make an angle with the plane of transmission and extinction 
15 axis adversely affects the dichroic ratio. 

The polarizer can be easily manufactured to be very thin (for example 
thickness less than about 10 Jim or even less than about 5 [im ) because the polymerized 
liquid crystal host can be obtained as a thin film, the thin film being obtainable by means of a 
conventional thin-film forming method such as a coating or a printing method or by filling a 
20 cell normally used to accommodate liquid crystal for liquid crystal displays. 

Although the thin-film polarizer can in principle have any thickness, in general 
a thickness less than the thickness of a conventional H-sheet polarizer is preferred, that is a 
thickness of about 50 fim or less, more particularly 30 jwm or less or preferably about 10 \im 
or less. Preferably, the thickness is less than about 5 (xm. 
25 In principle any dichroic guest may be used; it may be a dye or a pigment, it 

may be dispersed on a molecular scale or dispersed as light absorbing particles. The color of 
the dichroic guest is selected with a view to the application. Typically, absorption is to be 
achieved in the visible range of the spectrum, 400 to 700 nm. This may be achieved by using 
suitable black dichroic colorants, or by suitable combinations of colorants, such as red, green 
30 and blue. 

In a preferred embodiment of the invention the dichroic light-absorbing guest 
is a blue absorbing dichroic colorant and the polarizer further comprises a thin film obtained 
from a perylene-based lyotropic liquid crystal. 
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Perylene-based polarizers obtained from perylene-based lyotropic liquid 
crystals are known in the art as such. See for example SSMf^^^l These non-polymeric 
liquid crystals can be deposited and oriented easily in very thin films using coating methods. 
The films so obtained have a thickness of less than 1 Jim and polarize unpolarized light 
5 incident thereon efficiently. A disadvantage of such polarizers is that they do not perform 
well enough to be used as such in LCD displays used for monitors or television sets. This is 
particularly the case in the blue range of the visible spectrum. By including a thin-film 
polarizer of a type in accordance with the invention wherein the dicbroic guest is a blue 
colorant the performance of the perylene-based polarizer is substantially improved. The 
10 oriented polymer film also protects the perylene-based polarizer. Being non-polymeric, the 
perylene-based polarizer is mechanically not very robust and is sensitive to organic solvents 
and water and thus is easily damaged during manufacture or use of an LCD comprising such 
polarizer. 

The polarizer may be used for any type of application where polarized light 
15 beams are required but is particularly suited for use in liquid crystal displays. Therefore, a 
particular embodiment of the polarizer in accordance with the invention constitutes a liquid 
crystal cell comprising a substrate, a liquid crystal layer and a guest-host polarizer in 
accordance with the invention. 

The polarizer may be, as is conventional for the H-sheet polarizer, provided on 
20 the outside of a liquid crystal cell. Since the polarizer in accordance with the invention is not 
sensitive to moisture unlike the H sheet polarizer a protective layer need not be provided. 
Further, unlike the H sheet polarizer an adhesive layer can be dispensed with as it can be 
directly coated onto a substrate of the LC cell. Lacking an adhesive and a protection layer the 
polarizer in accordance with the invention is much thinner than the conventional H sheet 
25 polarizer when applied on the outside of the LC cell. 

Because the polarizer in accordance with the invention can be very thin it may 
also be provided on the inside of the liquid crystal cell, such arrangement is in the art referred 
to as an "in-cell polarizer". 

Accordingly, in a preferred embodiment, the guest-host polarizer is arranged 
30 between the liquid crystal layer and the substrate. w 

The oriented polymer films for use in the polarizer in accorcShce with the 
invention have uses other than the polarizer in particular if the oriented polymer film is thin. 
Other applications include retarders, reflective color filters and antireflective coatings. Thin 
oriented polymer films can be conveniently manufactured using polymerizable liquid crystals 
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because such liquid crystals have, relative to polymers, a low molecular weight rendering 
them processable by means of conventional thin-film forming methods. 

In another aspect, the invention relates to a polymerizable liquid crystal for use 
in the manufacture of an oriented film, such use including but not being limited to the use in 
5 the manufacture of a dichroic guest-host polarizer film in accordance with the invention. 

In accordance with the invention, the polymerizable liquid crystal is a 
polymerizable liquid crystal for use in the manufacture of an oriented polymer film, the 
polymerizable liquid crystal having a smectic phase Sx where X is not A or C, with the 
exception of trans- l-[4-[6-(acryloyloxy)hexyloxy]cyclohexanecarboxyl]-^ 
10 (acryloyloxy)hexyloxy]benzoyloxy]benzene. 

The term "polymerizable liquid crystal" includes "polymerizable liquid 
composition" or more particular '^polymerizable liquid crystal mixture. 

The use of the polymerizable liquid crystal entails, providing a thin film 
comprising the polymerizable liquid crystal, orienting the thin film and polymerizing the thin 
1 5 film while (substantially) maintaining the orientation to obtain the oriented film. The 

inventors have found smectic phases to be particularly in providing oriented films having a 
high order. Typically, thin films of polymerized liquid crystal having an order of about 0.91 
or higher have routinely been obtained. Order parameters of about 0.92 or higher or even 
about 0.93 or higher can also be achieved An order parameter of about 0.94 or higher is 
20 possible. 

Particularly suitable for use in oriented polymer films, is the smectic phase B 
or tilted variants thereof; that is the smectic F and I phase. In the context of the present 
invention, and in accordance with the classification of mesophases used in some prior art 
references, "soft crystal" phases are also considered smectic phases. In particular, crystal B 

25 and its tilted versions, crystal G and J, and crystal E and tilted versions thereof, that is crystal 
H and K, can also be used for the polarizers. The suitable mesophases have in common the 
presence of a long-range orientational order. 

Nematic phases are generally less suitable as they provide dichroic ratios of 
about 8 or less. Smectic A phases generally provide a dichroic ratio of less than 12. The 

30 smectic C phase, is a tilted variant of Ihe smectic A phase and thus also generally unsuitable. 
Moreover, generally, tilt in directions which make an angle with the plane of transmission 
and extinction axis adversely affects the dichroic ratio. 



§1 tomis-l-[4-[6-(aciy^^ 
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4-[4-[6-(acryloyloxy)hexyloxy]benzoyloxy]benzene is disclosed. Lub et al further disclose 
that this compound exhibits an unknown smectic phase Sx. The inventors of the present 
invention have now established that the unknown smectic phase is a S B phase. In hindsight, it 
thus appears that the compound is suitable for use in the manufacture of an oriented polymer 
5 film, more in particular a highly oriented film. Note, however, Lub et al are concerned with 
providing polymerizable liquid crystals which have improved stability against UV light. It is 
in this context that the compound is prepared. No mention is made of highly ordered oriented 
films let alone of polarizers comprising such films. Lub et al further disclose the compound 
att-trans-l,4-bis-[4-[6-^ Although 

10 according to Lub et al this compound exhibits a smectic X phase the compound can, further 
according to Lub et al, not be aligned due to its high viscosity. Because the capability of 
being oriented is essential to the suitability of use for the manufacture of oriented polymer 
films, this compound is not in accordance with the invention. 

In a particular embodiment, the polymerizable liquid crystal exhibits on the 

1 5 high temperature side of the smectic X phase with X is not A or C, a smectic A phase. 

Having a smectic A phase in addition to the smectic X phase where X is not A or C makes it 
easier and better to align leading to improved dichroic ratios. In a further embodiment the 
polymerizable liquid crystal comprises alternatively or in addition a nematic phase. 

A particular embodiment of the polymerizable liquid crystal in accordance 

20 with the invention is one wherein, the polymerizable liquid crystal is one of the formula I 

U-V-W-X-Y.X'-Y , -X"-W*-V , -U' (I) 



wherein 

25 X, X* and X' ' are each, independently of one another, Ph or Cyc; 

where Ph is a 1,4-phenylene unit and Cyc is a trans 1,4-cyclohexylene unit; 
Y, Y' are each, independent of one another, -CH 2 CH 2 -, -CH2O- or -OCH 2 -, - 
OCO-, -COO-, - -N=N-, -C=C, -OC-, -ON-; U, IT are each, independent of one 
another, a polymerizable group or U is a polymerizable group and IF = H or U = H and U* is 
30 a polymerizable group; 

V, V are each, independent of one another, a spacer; and 

W, W are each, independent of one another, a direct bond, -O-, -S-, -COO, 

or -OCO-; 
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. with the proviso that if X, X' and X" are each Ph then Y* is -CH 2 CH 2 -, -CH 2 0- or -OCH 2 - 
' and/or at least of one X, X' or X' ' is Ph.. 

The inventors have found the compounds of formula (I) to be a rich source of 
polymerizable liquid crystals exhibiting a smectic phase suitable for use in the manufacture 
5 of an oriented, more particular a highly oriented, polymer film. 

Preferred is a polymerizable liquid crystal wherein X is Ph, X* is Ph and X" is 
Cyc or X is Ph, X' is Cyc andX" is Ph. 

Also, preferred is a polymerizable liquid crystal wherein X, X' and X' * are 
each, independently of one another, Ph and Y' is -CH 2 CH 2 -, -CH 2 0- or -OCH 2 -. 
10 The Chemical Abstracts' abstract (abstract number AN 1997:12560) of a 

representative of the class of polymerizable liquid crystals in accordance with this 
embodiment. However, inspection of the publication itself reveals that the structure in the 
abstract is erroneous as the publication itself does not disclose such representative. 

15 In a further aspect, the invention relates to an oriented polymer film including 

a polymerized liquid crystal obtainable by polymerizing an oriented polymerizable liquid 
crystal in accordance with the invention or trans-l-[4-[6- 
(acryloyloxy)hexyloxy]cyclohexanecarboxyl]-4-[4-[6- 
(acryloyloxy)hexylo^]benzoyloxy]benzene. 

20 The invention also relates to a method of manufacturing a guest-host polarizer 

comprising an oriented polymer film including an oriented polymerized liquid crystal host 
and a dichroic light-absorbing guest dispersed and oriented in the host, the oriented polymer 
film having a dichroic ratio of about 15 or more, the method comprising: 

providing a thin film of a polymerizable liquid crystal host and, dispersed 

25 therein, a dichroic light-absorbing guest; 

orienting the polymerizable liquid crystal host and the dichroic li^it-absorbing 
guest to obtain an oriented thin film of oriented polymerizable liquid crystal host and a 
dichroic light-absorbing guest dispersed and oriented in the host, the oriented thin film 
having a dichroic ratio of about 1 5 or more; 

30 polymerizing the polymerizable liquid crystal host in the oriented state to 

obtain an oriented polymer film including an oriented polymerized liquid crystal host and a 
dichroic li^it-absorbing guest dispersed and oriented in the host, the oriented polymer film 
having a dichroic ratio of about 15 or more. 
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These and oilier aspects of the invention will he apparent from and elucidated 
with reference to the drawings and the embodiments described hereinafter. 

4 4 

5 In the drawings: 

Fig. 1 shows, schematically, a cross-sectional view of a dichroic guest-host 
polarizer in accordance with the invention; 

Fig. 2 shows, schematically, a cross-sectional view of a liquid crystal cell 
having an in-cell polarizer; 
10 Fig. 3 shows polarization-selective absorption spectra taken along two 

different, mutual perpendicular directions, and at a stage of manufacturing a dichroic guest- 
host polarizer in accordance with the invention, plotted as the absorbance A (in 
dimensionless units) as a function of wavelength. X (in nm); 

Fig. 4 shows polarization-selective absorption spectra taken along the 
1 5 extinction axis and the transmission axis at a further stage of a method of manufacturing a 
dichroic guest-host polarizer in accordance with the invention, plotted in terms of the 
absorbance A (in dimensionless units) as a function of wavelength X (in nm); and 

Fig. 5 shows polarization-selective absorption spectra taken along the 
extinction axis and the transmission axis respectively of an embodiment of a dichroic guest- 
20 host polarizer in accordance with the invention, plotted in terms of the absorbance A (in 
dimensionless units) as a function of wavelength X (in nm). 



Fig. 1 shows, schematically, a cross-sectional view of a dichroic guest-host 
25 polarizer in accordance with the invention. The dichroic guest-host polarizer 1 comprises, or 
more particularly in the present embodiment, consists of an oriented polymer film 3 including 
an oriented polymerized liquid crystal host 5 and a dichroic light-absorbing guest 7 which is 
dispersed and aligned with the host 5. 

The dichroic light-absorbing guest 7 is dispersed in the form of distinct 
30 dichroic light-absorbing bodies. In general a dichroic light-absorbing body may be an 
individual molecule (a dichroic dye), an aggregate or a network of such molecules or an 
inorganic (nano)particle (a pigment). The optical absorption of an individual dichroic light- 
absorbing body is directionally dependent; along one body axis light absorption is at a 
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maximum along another, typically perpendicular to the body axis of high absorption, a body 
axis where light absorption is at a minimum^ typically substantially zero. 

The polymerized liquid crystal is anisotropicaily oriented providing a long- 
range orientational order. The individual dichroiclight-absorbing bodies of the guest 7 are 
5 aligned with the host 5 thus providing the oriented polymer film 3 with directionally 
dependent light absorption properties and thus with the ability to polarize light. 

As schematically indicated in Fig. 1, the dichroic bodies of the guest 7 have an 
oblong shape and are planar uniaxially oriented in the oriented polymer film 3. This is by no 
means essential. Other shapes, such as a disk-shape and orientations, such as homeotropic or 
10 biaxial orientation, may be used as well. 

The orientation of the guest 7 shown in Fig. 1 provides a polarizer having an 
extinction axis 15 which is aligned with the axis of the planar uniaxial orientation. 

The polymerized liquid crystal host 5 facilitates the orientation of the dichroic 
host 7 to the extent that the oriented film 3 has a dichroic ratio of about 15 or more. In the 
15 context of the present invention, dichroic ratio (DR) means dichroic ratio in absorb ance and 
is defined as the ratio of the absorbance (measured at normal incidence) along the extinction 
axis and the absorbance along the transmission axis where absorbance (A) is defined as A — - 
logioT where T is transmission. Hie dichroic ratio does not depend on thickness of the 
oriented polymer film neither does it depend on the dichroic guest concentration. Since any 
20 absorption along the extinction and transmission axis normally originates from the same 
optical transition, the dichroic ratio is substantially independent of wavelength. 

Typically, the oriented polymer film has a dichroic ratio of about 15 or more at 
a wavelength in the visible range of 400 to 700 nm. Advantageously, the dichroic ratio is 
about 30 or more across the visible range. Preferably, the dichroic ratio is substantially 
25 constant across the visible range. To obtain a color neutral polarizer the absorbance of the 
dichroic guest is to substantially constant across the wavelength of interest which will 
generally be the visible range of 400 to 700 nm. 

Having a dichroic ratio of about 20 or 25 or more is better. A dichroic ratio of 
about 30 or even about 35 or more is preferred when the polarizer is for use in an LCD 
30 monitor. For use in an LCD TV, a dichroic ratio of about 40 or even 45 or more is selected. 
Having such dichroic ratios available allows very thin polarizers to be made which are 
suitable for use in LCDs in particular LCD monitors and LCD TVs. 

The thin-film polarizer in accordance with the invention can be manufactured 
in a wide range of thicknesses. Because the polarizer can be manufactured using thin-film 
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fo rmin g methods such as doctor blading or spin-coating or printing the polarizer can be made 
thin to very thin. For example, it can easily be obtained with a thickness less than that of the 
conventional H-sheet polarizer, for example a thickness of about 50 pm or any number less 
than that The thickness can also be about 30 Jim or any lesser number or more particularly 
5 about 1 0 pm or any lesser number. Preferably, the thickness is about 5 Jim or any lesser 
number. A practical lower limit on the thickness is about 100 to 300 nm. (Assuming molar 
absorption coefficient of about 10 5 cm^mor 1 and a dichroic guest loading of 10 wt % . 

Because the dichroic ratio of the oriented polymer film is very high, and the 
polymerized liquid crystal host allows uptake of a considerable amount of a dichroic guest 
10 which has high extinction coefficient, highly absorbing polarizers can be provided which are 
very thin and have a polarization selectivity and brightness meeting the requirements of most 
LCD applications. 

When the thin-film polarizer is very thin it may be convenient to include a 
substrate (not shown in Fig. 1) to support and reduce the risk of rupturing the film during 
1 5 manufacture and/or use. Such a substrate can be made of any kind of material or have any 
type of composite structure. Depending on the contemplated use of the polarizer, the 
substrate may be transparent or reflective. 

The polarizer in accordance with the invention may be used for any 
application for which known polarizers have been used. For example, the thin-film polarizer 
20 may be suitably used in an LCD. When applied for use in an LCD, a substrate of the LCD 
can be conveniently used to support the polarizer. In an advantageous embodiment, the 
polarizer is provided on the inside of the liquid crystal cell as shown in Fig. 2. 

In Fig. 2 a conventional liquid crystal cell 21 is shown which has two 
substrates, 23 and 25, which sandwich a liquid crystal layer 27. On a side of the substrate 23 
25 facing the liquid crystal layer 27, a dichroic guest-host polarizer 1 in accordance with the 

invention is accommodated For reasons of simplicity, other components required to obtain a 
folly functional LC cell such as alignment layers, electrode layers and the like are not shown. 

In order to provide an oriented polymer film which has a dichroic ratio of 
about 15 or more, the dichroic guest and thus the polymerized liquid crystal host must be 
30 highly oriented. The extent of orientation may be expressed in terms of the order parameter S 
where S is, in the context of the present invention, defined as S — (DR - 1)/(DR + 2) and DR 

is the dichroic ratio (assuming order parameter S = (P 2 (cos ©)) = (fy cos 2 © yQj and the 
transition dipole moment of the dichroic dye oriented along the long axis of the 
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molecules). According to this formula, a dichroic ratio of about 15 corresponds to an S of 
0.823 an DR of about 35, corresponds to an S of 0.919, whereas a dichroic ratio of 50 
corresponds to an S of 0.942. 

To provide the high degree of order required, the inventors have found the use 
5 of smectic phases to be useful. This is surprising because the type of order required for high 
dichroic ratios is orientational order. Smectic phases however are first and foremost known 
for their high positional order compared to nematic phases. The inventors have generally 
found the degree of order typically provided by smectic A phases to be too low. Smectic C 
phases and other tilted smectic phases are generally not suitable. Generally, nematic phases 

10 also have a degree of order which is too low to provide the dichroic ratios of the present 
invention. Suitable mesophases include smectic B or tilted variants thereof, that is the 
smectic F and I phase, crystal B and its tilted versions, crystal G and J, and crystal E and 
tilted versions thereof, that is crystal H and K. The suitable mesophases have in common the 
presence of a long-range orientational order. 

15 Oriented polymer films with or without dichroic guests, more particular 

polarizers comprising such oriented films may be formed of liquid crystal polymers having a 
smectic phase Sx (X is not A and C) may be used to manufacture the highly oriented films. 
Such polymers are linear main chain or side chain polymers which may or may not be cross- 
linked after having been deposited in the form of the film. The polarizer in accordance with 

20 the invention is a specific embodiment of such an oriented film. Other applications of such 
oriented films include retarders and bifocal lenses. 

Preferred oriented polymer films are those comprising a polymerized liquid 
crystal which is obtained by polymerizing an oriented polymerizable liquid crystal. 
Preferably, polymerizable liquid crystals having a smectic phase Sx (X is not A and C) 

25 polymerized in that phase are used 

In particular, polymerizable liquid crystals of the formula (I) may be used in 
the manufacture of oriented films. 

U-V-W-X-Y-X'-Y'-X^-W^V-U' (I) 
30 wherein 

X, X' and X* 9 are each, independently of one another, Ph or Cyc; 
where Ph is a 1,4-phenylene unit and Cyc is a trans 1,4-cyclohexylene unit; 
Y, Y' are each, independent of one another, -CH 2 CH 2 -, -CBfeO- or -OCH 2 -, - 
OCO-, -COO-, -N=N-, -OC, -OC-, -ON-; 
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U, IF are each, independent of one another, a polymerizable group or U is a 
polymerizable group and IT = H or U = H and U' is a polymerizable group; 

V, V' are each, independent of one another, a spacer; and 

W, W* are each, independent of one another, a direct bond, -O-, -S-, -COO-, 

5 or -OCO-; 

with the proviso that 

if X, X' and X" are each Ph then Y' is -CH 2 CH 2 -, -CH 2 0- or -OCH 2 -; and/or 
at least one of X, X' or X" is Ph. 



10 Preferably, X, X* and X' ' are each Ph and Y' is -CH 2 CH 2 -, -CH 2 0- or - 

OCH 2 -. Also preferred is X and X* are each Ph and X" is Cyc, and X and X" are each Ph 
andX' is Cyc. 

The unit Ph is an unsubstituted 1,4-phenylene or substituted 1,4- phenylene 
substituted with more than one, but preferably with one substituent The one or more 
15 substituents are each, independently of one another, selected from the group consisting of 
methyl, CN, F, CI and Br. In addition, or alternatively, one or more of the CH groups of the 
1,4-phenylene unit may be replaced with N . A preferred Ph unit is unsubstituted 1,4- 
phenylene. 

The unit Cyc is an unsubstituted trans 1,4-cyclohexylene or substituted trans 
20 1 ,4-cyclohexylene substituted with more than one but preferably with one substituent The 
one or more substituents are each, independently of one another, selected from the group 
consisting of methyl, CN, F, CI and Br. Optionally one or more CH 2 groups are, each, 
independently of one another, replaced with -O- or -S- or NR where R is a C1-C6 alkyl or 
phenyL Optionally, the carbon atom in 1 and or 4 -position is replaced with N. 
25 Preferably, the units U, IP are photo-polymerizable groups. Particular 

examples of U and IT include CH 2 =CH-, CH 2 =CC1-, CH 2 =C(CH 3 )- or 4 -vinyl phenylyl. 
Preferred groups U and IP include (meth)acrylate, vinylether, oxetane, epoxy, or a thiolene 
system. Preferred is U = U\ When U = LP the polymer obtained is crosslinkeci Typically, 
mixtures of polymerizable liquid crystals will be used, for example a mixture of a compound 
30 with U = U' and a compound where U = H. 

V, V* are each, independent of one another, a spacer; the spacer may be of a 
conventional structure such as Ci - C 2 o alkyl groups which may be interrupted with one or 
more -O-, -S-, NH or NH 3 units. Preferred are Ci 2 alkyl groups or more preferably C 6 - 
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Cio, optionally interrupted in the manner above. The spacer may have one or more 
substituents such as F, CI, Br, CN, CH 3 but preferably has none. 
Ymay be different or the same as Y\ 

W, W are each, independent of one another, a direct bond, -O-, -S-, -COO-, 
5 or -OCO- but preferably a direct bond or -O-. 

Needless to say, to tune the properties of oriented films a mixture of 
polymerizable liquid crystals will generally be used of which at least one or more or all 
components are a compound of formula (I). 

More specifically, polymerizable liquid crystals are of the formula n, m, or IV 

10 may be used. 

U-V-W-^^— Y— <^?>— Y — < / TT\-W'-V i -U' (II) 




U— V-W— ^ — Y— ^T^— Y — <^^^~W , -V , "U' 



(HI) 



U-V-W-<^^Y— <^)-Y'-<^^W , ~V-U' (IV) 

where U, U\ V, V, W, W, Y and Y' have the meaning defined above and Y 9 9 is -CH 2 CH 2 -, 
15 -CH2O- or -OCH2-. 

. .The. compounds of formula I to m can be synthesized by means of methods 



Suitable dichroic light-absorbing guests include inorganic pigments having 
20 dichroic pigments particles dispersed throughout the host Organic dichroic compounds may 
also be used. The dichroic molecules of such compound may be dispersed on a molecular 
scale or may be present in Hie form of aggregates or networks. Dichroic azo dyes are in 

particular suited to be used as guest. Examples of suitable dichroic dyes include those 

disclosed in W^^^^M§M, 
25 Specific examples of suitable dichroic dye guests include the azo dyes 



C4H9- — ^ ^ — N— N (^y~N^N--^~^~OC3H 7 



/ 



PHNL03 1 288EPP 



15 



20.10.2003 




and 

5 ™> 

Typically, the polarizer will comprise a plurality of dichroic guests to obtain 
the desired absorption properties in terms of active wavelength range and absorbance within 
such range. 

10 In addition to absorbing light, the dichroic guest may be luminescent, such as 

fluorescent, electroluminescent or phosphorescent. 

The dichroic guests may be liquid crystalline per se but this is not essential; 
typically they will not be. The dichroic guest may be non-reactive or may be provided with 
one or more polymerizable groups. The latter is advantageous if the dichroic guest migrates 

1 5 through the host and migration is to be avoided. 

The amount of dichroic guest relative to the host will depend on the 
application and on how much host the guest can tolerate before the high order properties are 
lost or on how much can be dissolved without precipitation. Typically, the amount is less 
than 50 wt% or more particular about 20 wt% or less, or preferably, about 10 wt% or less. 

20 The quantity of dichroic guest which can be accommodated in the host can be 

increased if the mesogenic group of the polymerized liquid crystal includes or is part of a 
chromophore which can absorb light in the wavelength range in which the polarizer is to be 
active which will generally be the visible range of the spectrum. Although in such a case the 
distinction between guest and host becomes somewhat blurred, in the context of the invention 

25 such systems are considered guest-host systems. Light absorption (in the visible range of the 
spectrum) is generally improved if the mesogenic group includes one or more groups selected 
from -N=N, -OC, -C=N- or -OC-. In the polymerizable liquid crystals of formula (T), light 
absorption is attained if Y and Y' are the same or different -N=N-, -OC-, -C=N- or 
and adjacent such group X and/or X* and/or X* 'is Ph, more particular, X and X' or X* and 

30 X" or X' and X' and X" are the same or different Ph with Ph as defined above The 
oriented polymer film and in particular the polarizer in accordance with the invention 
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comprising such oriented film can be conveniently manufactured using conventional thin- 
film forming methods. 

One method of manufacturing an oriented polymer, a method as such 
conventional in the art, comprises: forming a thin film of a liquid crystal polymer; 
5 if a dichroic guest-host polarizer is to be obtained, adding a dichroic light-absorbing guest to 
the liquid crystal polymer; bringing the liquid crystal polymer, optionally containing the 
dichroic guest, above its clearing temperature and then, while employing orientation means, 
cooling down the liquid crystal polymer to the temperature to reach the desired mesophase. 

To widen the temperature range within the desired orientation is maintained, 
10 the oriented liquid crystal polymer may be (slightly) crosslinked after having been brought 
into the desired mesophase. 

Another method comprises : 

providing a thin film of a polymerizable liquid crystal host and, dispersed 
therein, a dichroic li^tit-absorbing guest; 
1 5 orienting the polymerizable liquid crystal host and the dichroic light-absorbing 

guest to obtain an oriented thin film of oriented polymerizable liquid crystal host and a 
dichroic light-absorbing guest dispersed and oriented in the host, the oriented thin film 
having a dichroic ratio of about 1 5 or more; 

polymerizing the polymerizable liquid crystal host in the oriented state to 
20 obtain an oriented polymer film including an oriented polymerized liquid crystal host and a 
dichroic light-absorbing guest dispersed and oriented in the host, the oriented polymer film 
having a dichroic ratio of about 15 or more. 

The thin film may be provided by conventional thin film forming methods 
such as coating or printing methods. Suitable coating methods include spin-coating, doctor 
25 blading, and spray coating and dip coating and casting. Suitable printing methods are ink-jet 
printing, screen printing, and offset printing. IP needed, the composition used to form the thin 
film may include agents to promote thin film formation such as solvents, adhesion promoters, 
wetting agents, viscosity modifiers and the like. 

The polymerizable liquid crystal maybe crosslinkable which generally is the 
30 case when the polymerizable liquid crystal has two or more polymerizable groups. 

Orientation of the thin film may be brought about by conventional means such 
as electric or magnetic fields or mechanical means such as shear-induced orientation. 
Preferably, an orientation layer is used to orient the liquid crystal (polymer). Conventional 
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orientation layers such as a nibbed polyimide or obliquely sputtered silicondioxide layer may 
be used 

Using photo-alignment, an orientation means known in the art as such, 
patterned orientation layers can be obtained- Patterned orientation layers may be used to 
5 obtain patterned oriented films in general and polarizers in particular. The patterned polarizer 
may comprise polarizing regions and non-polarizing regions laid out in a desired pattern and 
polarizing regions adapted to polarize light along a first direction and regions adapted to 
polarize li^tt along a second direction, the second direction being different from the first, or 
any combination thereof. 
10 Polymerization is effected by conventional means, such as by means of 

temperature or actinic radiation in particular e-beam or UV light Although not essential, a 
photo-initiator is preferably used to start and control the polymerization. 

The polymerization is carried out such that the orientation is substantially 
maintained. Typically, dependent on the polymerizable liquid crystal and dichroic guest 
1 5 employed, upon polymerization the degree of order is reduced somewhat 

Polymerizable liquid crystals for use in the method have been disclosed 

hereinabove. 
Example 1 

20 (not in accordance with the invention) 

A polymerizable liquid crystal of the following structure is synthesized using a 
known method. 



25 




Phase transitions of the liquid crystal are Cr 115°C N 155°C I, where Cr 
means Crystal, N nematic and I isotropic. 

A thin-film polarizer including as host the polymerizable liquid crystal 1 is 
30 manufactured as follows: 

A liquid crystal cell having two opposed substrates spaced to provide a cell 
gap of 5 Jim and the facing sides of which are provided with a rubbed polyimide orientation 
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layer (rubbing is anti-parallel) is filled with a homogenous mixture of 97 wt% polymerizable 
liquid crystal host 1, 2 wt% dichroic light-absorbing guest in the form of azo dye 
NKX2029C, 0.9 wt% photoinitiator 1RG 184 (Ciba Geigy) and 0.1 wt% of the inhibitory- 
methoxyphenol thus obtaining an oriented polymer film comprising oriented polymerizable 
5 liquid crystal host and dispersed therein the dichroic light absorbing guest which is about 5 
(im thick. 

The oriented liquid crystal film is then subjected to UV radiation for a time 
sufficient to polymerize the liquid crystal resulting in an oriented polymer film having 
polarizing properties. 

10 Polarization-selective absorption spectra are measured along the extinction 

and transmission axis. The dichroic ratio is then determined at the wavelength at which the 
high absorption spectrum has its highest absorption. The dichroic ratio thus determined is 
about 8. 

The experiment is repeated with polymerizable liquid crystal of formula 2. 

15 




The phase transitions are Cr 73 °C Sa 132 °C N 145 °C I, where S A means 
smectic A. Lacking a smectic X phase where X is not A and C the compound 2 is not in 
20 accordance with the invention. 

The dichroic ratio of the polarizer manufactured using this polymerizable 
liquid crystal host is about 12. 

Having dichroic ratios this low renders the thin-film polarizers not in 
accordance with the invention. The hosts 1 and 2 are not capable of orienting the dichroic dye 
25 sufficiently to obtain a polarizer in accordance with the invention. 

Example 2 

(in accordance with the invention) 
30 The polymerizable liquid crystal 3 is synthesized as described in SS^S 
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The phase transition of the polymerizable liquid crystal 3 are Cr 62°C S B 
66°C Sa 109°C N 127°C I. At room temperature it takes one or more days before 
crystallization occurs. The smectic B phase is identified by X-ray analysis. 



^^-0(CH 2 ) 6 0— 






H(CH 2 ) e O— k J—C s /=\ C 




o's 




0(CH 2 ) 6 0 



0(CH 2 ) 6 H 



0(CH2) 6 0 





A liquid crystal cell having two opposed substrates spaced to provide a cell 
gap of 5 Jim and of which the facing sides are provided with a rubbed polyimide orientation 
layer is filled with a homogenous mixture of 97 wt% polymerizable liquid crystal host 3, 2 
10 wt% dichroic light-absorbing guest in the form of azo dye NKX2029C, 0.9 wt% 
photoinitiator IRG 184 (Ciba Geigy), and 0.1 wt% of inhibitor p-methoxyphenol. 

The cell is heated to a temperature of about 130 "C, which is a temperature 
above the clearing temperature of the compound 3. At this temperature, polarization-selective 
absorption spectra are recorded (measurement beam is at normal incidence) along two 
15 different, mutually perpendicular directions. 

Fig. 3 shows polarization-selective absorption spectra taken along two 
different, mutual perpendicular directions, and at a stage of manufacturing a dichroic guest- 
host polarizer in accordance with the invention, plotted as the absorbance A (in 
dimensionless units) as a function of wavelength X. (in run). 
20 The two spectra are essentially coincident indicating that at his stage the film 

is not oriented. 

The cell is then cooled down to room temperature to bring the polymerizable 
guest-host system into the smectic B phase (confirmed by X-ray analysis) and polarization- 
selective absorption spectra are recorded along directions at which the absorption is at a 
25 maximum and at a minimum. 
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Fig. 4 shows polarization-selective absorption spectra, taken along the 
extinction axis and the transmission axis at a further stage of a method of manufecturing a 
guest-host polarizer in accordance with the invention, plotted in terms of the absorbance A 
(in dimensionless units) as a function of wavelength X (in mn). 
5 At the wavelength where absorption of the high-absorption curve is at a 

maximum, the dichroic ratio DR is determined to be about 50. 

The thin film of polymerizable material is then subjected to UV radiation for a 
time sufficient to polymerize the material resulting in a polymer film which is as evidenced 
by polarization selective absorption is oriented. 
10 Fig. 5 shows polarization-selective absorption spectra of the thin film thus 

obtained. 

Although the absorption along the extinction axis is, compared to that of the 
polymerizable film, somewhat lower, indicating that the degree of order after polymerization 
is somewhat lower, an effect which is quite normal to observe, high and low absorbance 
1 5 spectra are clearly distinguishable. At the wavelength where absorption of the high- 
absorption curve is at a ma*irmiTri 3 the dichroic ratio DR is determined to be about 35. 

Using a method analogous to the method of synthesis of compound 3 the 
polymerizable liquid crystal 4 is prepared. 

The phase transitions of the compound 4 are Cr 57°C S x 63°C S A H7°C N 
20 151°C I. At room temperature it takes one or more days for crystallization to set in from the 
smectic phase Sx- Thus polymerization in the Sx phase can be effected at room temperature. 

By repeating the experiment an oriented film comprising polymerizable liquid 
crystal host 4 and the dichroic guest NKX2029C is formed The oriented film is in smectic 
Sx phase. The dichroic ratio of this oriented liquid crystal film about is 64. After 
25 polymerization an oriented polymer film is obtained comprising polymerized liquid crystal 
host in which the dichroic guest is dispersed and oriented providing the oriented polymer film 
with polarizing properties. The polymerization is carried out at room temperature. At this 
temperature the smectic X phase is undercooled. 

The dichroic ratio after polymerization is about 52. 
30 Using a method analogous to the method of synthesis of compound 3 the 

polymerizable liquid crystal 5 is prepared. 

The phase transitions of compound 5 are: (S x 51°C S A 60°C) Cr 73°C N 
150 1. The smectic phases are placed in brackets because they are only discernible in an 
undercooled state. At temperatures where the smectic X phase exists crystallization occurs 
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readily making it difficult to orient and polymerize in a controlled manner. Accordingly, 
polarizers obtained using compound 5, have a relatively low dichroic ratio typically the 
dichroic ratio is about 1 8 both before and after polymerization. 

■4 « 

The polymerizable liquid crystals 3, 4 and 5 have a smectic phase Sx phase 
5 with X is not A and not C. Polarizers manufactured using these polymerizable liquid crystals 
have a dichroic ratio significantly exceeding 15. 



Example 3 
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1 : Synthesis of 4-(l 1 -hydroxyundecyl) phenol D. 

0.4 g of CuCl and 29 g of 1 1 -(tetxahydropyran-2-yloxy)- 1 -bromoundecane (B) were added to 
a filtered solution of 4-(tetrahydropyran-2-yloxy)phenyl magnesium bromide (A), prepared 
from 20.0 g of 4-(tetrahydropyran-2-yloxy)-l-bromobenzene and 3.16 g of magnesium, in 
5 100 ml of tetrahydrofuran. After refluxing for 2 days, the reaction mixture was mixed with 
100 ml of diethyl ether, followed by extraction with 100 ml of a saturated NH4CI solution. 
After evaporation, the intermediate product C was refluxed for one hour with 40 ml of 
methanol and 1 ml of saturated hydrochloric acid. 15 ml of a saturated solution of NaHCCfe 
was added and the methanol was evaporated. 100 ml of diethyl ether was added. 7.4 g of 4- 
10 (1 1-hydroxyundecyl) phenol (D, 36%) was obtained after extraction with 50 ml of saturated 
sodium chloride, drying over magnesium sulphate, evaporation and recrystallisation from 
toluene. 



2: Synthesis of 4-(l 1-acryloyloxyundecyl) phenol (G). 

15 2.5 ml of acryloylchloride was added to a solution of 7.4 g of 4-(l l-hydroxyundecyl)-phenol 
(D) and 3.9 ml of N,N-dimethylaniline in 60 ml of tetrahydrofuran, cooled in an ice bath. 
After stirring for three hours at room temperature, the solution was diluted with 60 ml of 
diethyl ether and extracted subsequently with 100 ml of water, 100 ml of 2.4 N HC1 and 100 
ml of a saturated NaCl solution. 4.74 g of 4-(l 1-acryloyloxyundecyl) phenol (G, 53%) was 

20 obtained as a brown powder after drying over magnesium sulphate, evaporating and washing 
with ligroin. 

3: Synthesis of cyclohexane-l,4-dicarboxylic acid l-[4-(ll-acryloyloxy-undecyl)phenyl] 
ester 4-(4-hexylphenyl) ester (6) 

25 2.5 g of N^-dicyclohexyl carbodiimide was added to a mixture of 2.0 g of 4- 

(ll-acryloyloxyundecyl)phenol(G), 1.1 g of hexylphenol (E), 1.03 gof trans-cyclohexane- 
1,4-dicarboxylic acid (F), 0.15 g of 4-N,N-dimethylaminopyridine and 50 ml of 
dichlorometbane, cooled in an ice bath and stirred under a nitrogen atmosphere. The mixture 
was stirred overnight at room temperature. 0.93 g of cyclohexane-l,4-dicarboxylic acid l-[4- 

30 (1 l-acryloyloxy-undecyl)phenyl] ester 4-(4-hexylphenyl) ester (6, 25%) was obtained as a 
white powder after evaporation, and separation by chromatography using silica gel and 
dichloromethane/petroleum ether 97/3 as eluent. 
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The phase transitions of compound 6 are: C 65°C S x 88°C S A 108 N 120 
I. At room temperature it takes one or more days for crystallization to set in from the smectic 
phase Sx- Thus polymerization in the Sx phase can be effected at room temperature. 

A thin-film polarizer as described in Example 2 is prepared using the method 
of Example 2 with the difference that as host the polymerizable liquid crystal 6 is used and 
the temperature at which the polymerization is carried out is about 38 °C. 

The dichroic ratio of the thin-film polarizer before polymerization, measured 
at 38 °C, is about 65. After polymerization the dichroic ratio is about 49. 



10 



Similar results are obtained for the polymerizable liquid crystals 7, 8 and 9. 



H(CH2) g — £ J 







Q(CH 2 ) 6 — ^ ^—O y 
6 



XX 




\ J 



(CH 2 ) s O 



(CH2) 6 0 






15 Compound 7 has phase transitions Cr 59 °C S x 95 °C S A 99 °C N 103 °C L 

The polarizer manufactured using the polymerizable liquid crystal 7 when 
polymerizing at 38 °C has before polymerization a dichroic ratio of about 40 and after 
polymerization a dichroic ratio of about 21 . 

Compound 8 has phase transitions Cr 77 °C Sx 91 °C I. Oriented films could 
20 not be made using compound 8 because the film crystallized before reaching a high dichroic 
ratio. 

Compound 9 has phase transitions Cr 91 °C Sx 96 C C N 108 D C I. To avoid 
crystallization polymerization is not carried out at room temperature but at about 60 °C. 
Before polymerization the oriented film has a dichroic ratio of about 40 after polymerization 
25 about 12 which number would have been higher if the polymerization could have been 
carried out at lower temperatures than 60°C. 
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Example 4 

Example 2 is repeated with the difference that now the polymerizable liquid crystal: 4-(6- 
Acryloyloxy-hexyloxy)-benzoic acid 4-{2-[4-(6-acryloyloxy-hexyloxy)-phenyl]-ethyl}- 
phenyl ester (10) is used. 

^^o(CH 2 ) 6 o--^^— /==yy--^-o(CH 2 ) 8 o- 



10 




Synthesis of 10 is as follows: 



10 



Q 




0(CH 2 ) 6 0 



\ 



Cj * * BKC 6 Hs) 3 P W 



0(CH2) 6 OH 




0(CH 2 ) 6 OH 



0(CH 2 )eOH 



0(CH 2 ) 6 0 



1: Synthesis of (EM<6-hydroxyhexyloxy)^^ (J) 
0,23 g of lithium was dissolved in 150 ml of ethanol. Then 6.2 g of 4- 
(tetrahydropyiBn-2~yloxy)benzaldehyde (H) was added. The solution was cooled in an ice- 
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water bath and 16.5 g of 4^6-hydroxyhexyloxy^^^ 

bromide (I) was added. After stirring for 2 hours at room temperature, a white precipitate was 
obtained 3.34 g of <EM-(6-hydroxyhexyloxy)^ (J> 
31%) was obtained after collection by filtration and two washings with 150 ml of ethanol. 

2: Synthesis of 4- {2-[4-(6-Hydroxy-hexyloxy)-phenyl]-emyl} -phenol (L) 

A mixture of 3.3 g of (E)-4.(6-hydroxyhexyloxy)-4'-(tetrahydropyran-2- 
yloxy)stilbene (C), 0.6 g of palladium hydroxide, 34 ml of cyclohexene and 50 ml of ethanol 
was refluxed for 16 hours. The cooled mixture was filtered over celite and evaporated. 2.2 g 
of 4-{2-[4<6-Hydroxy-hexyloxy>phenyl]-ethyl}-phenol (L, 86%) was obtained after 
dissolution in 600 ml of dichloromethane, two extractions with 50 ml of water, drying over 
magnesium sulphate and evaporation. Apparently, deprotection of (K) had occurred under 
the reaction conditions. 

3: Synthesis of 4-{2-[4<6-acryloyloxy-hexyloxy>phenyl]-ethyl}-phenol (N): 

15 0.8 ml of acryloyl chloride was added to a solution of 2.2 g of 4-{2-[4-(6- 

Hydroxy-hexyloxy)-phenyl]^thyl>-phenol (L) and 1.23 ml of N,N-dimemylaniline in 20 ml 
of tetrahydrofuran, cooled in an icebam. The mixture was stirred for 3 hours at room 
temperature. 40 ml of diethylethcr was added which was extracted twice with 20 ml of 2.4N 
hydrochloric acid and once with 20 ml of brine. It was dried over magnesium sulphate and 

20 evaporated. 1.65 g of 4-{2-[4-(6-acryloyloxy-hexyloxy)-phenyl]-emyl}-phenol^ 
was obtained after washing with 15 ml of pentane. 

4: Synthesis of 4-(6.Acryloyloxy-hexyloxy)-ben Z oic acid4-{2-[4-(6.acryloyloxy.hexyloxy). 
phenyl]-ethyl}-phenyl ester (10): 



25 



30 



l.Olg of N,N'-dicyclohexyl carbodiimide was added to a mixture of 1.6 g of 
4-{2-[4-(6-acryloyloxy-hexyloxy)-phenyl]-ethyl}-phenol(G), 1.43gof4-(6- 
aciyloyloxyhexyloxy)benzoicacid, 0.06 g of 4-N,N-dimemylammopyridine and 10 ml of 
dichloromethane stirred in an icebath. After stirring for 2 hours, the ice-bath was removed 
and the mixture was stirred one night at room temperature. 2.3 g of 4-(6-Acryloyloxy- 
hexyloxy>benzoic acid 4-{2-[4-(6-acryloyloxy-hexyloxy)-phenyl]-ethyl}-phenyl ester (10, 
78%) was obtained after filtration through silica, evaporation and recrystallizing from 
methanol. 



PHNL03 1288EPP 

26 20.10.2003 
The polymerizable liquid crystal 10 has phase transitions: Cr 72 »C Sx 85 'C S A 100 »C N 
102 °C I 

The thin-film polarizer comprising as host the polymerizable liquid crystal 10 
bas, before polymerization, a diehroio ratio of about 43. The thin-film polarizer obtained after 
5 polymerization has a dichroic ratio of about 30. 

Similar results are obtained with the following compounds or mixtures of 

these compounds: 




10 



15 











and 
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CLAIMS: 



1 . A guest-host polarizer comprising an oriented polymer film including an 

oriented polymerized liquid crystal host and a dichroic light-absorbing guest dispersed and 
oriented in the host, the oriented polymer film having a dichroic ratio of about 15 or more. 

5 2. A guest-host polarizer as claimed in claim 1 wherein the oriented polymerized 

liquid crystal host is obtained by polymerizing an oriented polymerizable liquid crystal. 

3 . A guest-host polarizer as claimed in claim 1 or 2, wherein the orientation of 
the oriented film is or corresponds to the orientation of a smectic phase S x wherein X is not 

10 AorC. 

4. A guest-host polarizer as claimed in claim 1 , 2 or 3 wherein the oriented 
polymer film has a film thickness of about 10 (xm or less. 

15 5. A guest-host polarizer as claimed in claim 1 , 2, 3 or 4, wherein the dichroic 

light-absorbing guest is a blue absorbing dichroic colorant and the polarizer further comprises 
a thin film obtained fiom a perylene-based lyotropic liquid crystal. 

6. A liquid crystal cell comprising a substrate, a liquid crystal layer and a guest- 
20 host polarizer as claimed in claim 1, 2, 3, 4 or 5. 

7. The liquid crystal cell of claim 6 wherein the guest-host polarizer is arranged 
between the liquid crystal layer and the substrate. 

25 8. A polymerizable liquid crystal for use in the manufacture of an oriented 

polymer film, the polymerizable liquid crystal having a smectic phase Sx where X is not A or 
C, with the exception of tians-l-[4-[6-(acryloylox^ 
(acryloyloxy)hexyloxy]benzoyloxy]benzene. 
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9. A polymerizable liquid crystal as claimed in claim 8, wherein the 
polymerizable liquid crystal is one of the formula I 

U-V-W-X-Y-X'-Y'-X^-W'-V^U 1 (I) 

5 

wherein 

X, X* and X" are each, independently of one another, Ph or Cyc; 

where Ph is a 1,4-phenylene unit and Cyc is a trans 1,4-cyclohexylene unit; 

Y, Y* are each, independent of one another, -CH 2 CH 2 -, -CH 2 0- or -OCH 2 -, - 
10 OCO-, -COO, - -N=N-, -C=C, -OC-, -ON-; U, U' are each, independent of one 

another, a polymerizable group or U is a polymerizable group and U' = H or U = H and XT is 
a polymerizable group; 

V, V* are each, independent of one another, a spacer; and 

W, W are each, independent of one another, a direct bond, -O-, -S-, -COO-, 

15 or -OCO-; 

with the proviso that if X, X* and X" are each Ph then Y* is -CH 2 CH 2 -, -CH 2 0- or -OCH 2 - 
and/or at least of one X, X' or X" is Ph.. 

10. A polymerizable liquid crystal as claimed in claim 9, wherein X is Ph, X' is Ph 
20 and X" is Cyc or X is Ph, X* is Cyc and X" is Ph. 

11. A polymerizable liquid crystal as claimed in claim 9, wherein X, X* and X' ' 
are each, independently of one another, Ph and Y' is -CH 2 CH 2 -, -CH 2 0- or -OCH 2 -. 

25 12. An oriented polymer film including a polymerized liquid crystal obtainable by 

polymerizing an oriented polymerizable liquid crystal as claimed in claim 8, 9, 1 0 or 1 1 or 
trans-l-[4-[6-(acryloyloxy^ 
(acryloyloxy)hexyloxy]benzoyloxy]benzene. 

30 13. A method of manufacturing a guest-host polarizer comprising an oriented 

polymer film including an oriented polymerized liquid crystal host and a dichroic light- 
absorbing guest dispersed and oriented in the host, the oriented polymer film having a 
dichroic ratio of about 15 or more, the method comprising: 
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providing a thin film of a polymerizable liquid crystal host and, dispersed 
therein, a dichroic light-absorbing guest; 

orienting the polymerizable liquid crystal host and the dichroic Hgjht-absorbing 
guest to obtain an oriented thin film of oriented polymerizable liquid crystal host and a 
5 dichroic light-absorbing guest dispersed and oriented in the host, the oriented thin film 
having a dichroic ratio of about 15 or more; 

polymerizing the polymerizable liquid crystal host in the oriented state to 
obtain an oriented polymer film including an oriented polymerized liquid crystal host and a 
dichroic light-absorbing guest dispersed and oriented in the host, the oriented polymer film 
10 having a dichroic ratio of about 15 or more. 
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ABSTRACT: 



A dichroic guest-host polarizer comprises an oriented polymerized liquid 
crystal host and aligned therewith a dichroic guest. The dichroic ratio of the polarizer is ahout 
15 or more. The polarizer may have a small thickness, be manufactured using a wet 
deposition method, optionally in accordance with a desired pattern, and be provided on the 
5 inside of a liquid crystal cell. Polymerizable liquid crystals having a highly ordered 
mesophase which may be suitable used to obtain highly oriented polymer films such as 
polarizer films are disclosed. 

Fig.l 

10 
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